Abstract: Protease producing bacteria were isolated from soil in South Korea. These bacteria were screened in skim milk agar medium using skim milk as the substrate. The highest clear zone producing bacterial strain (BK-P23) was selected for further optimization studies. The strain was identified as Exiguobacterium profundum BK-P23 based on morphological, biochemical and molecular characterizations. The results of the 16S rRNA analysis showed that this strain was highly similar to E. profundum. The strain was able to grow under alkaline conditions at pH 8.5 and a temperature of 30
Introduction
Microbial proteases represent one of the largest classes of industrial enzymes, accounting for approximately 40% of the total worldwide sales of enzymes (Godfrey & West 1996) . Among these, alkaline proteases hold considerable promise for use in industrial applications, including pharmaceutical, leather processing, baking, brewery, and the recovery of silver from photographic film (Rao et al. 1998; Singh et al. 1999; Gupta et al. 2002) . Alkaline proteases are also used by the detergent industry to remove blood or other proteins (Banerji et al. 1999; Kumar & Takagi 1999; Kamoun et al. 2008) . In addition, these enzymes have been used by other industries, such as the textile, organic synthesis and waste water treatment (Kumar & Takagi 1999) .
Although alkaline proteases are produced by many microorganisms, only a few groups of microbes have been used for the production of large amounts of enzyme with high activity. A few bacterial groups, such as Pseudomonas, Bacillus (Mabrouk et al. 1999; Mehrotra et al. 1999; Bayoudh et al. 2000) are considered as potent producers for commercial purposes. The microbial proteases are the most significant and can be produced in large quantities; and genetic manipulation of the microbial proteases, which has been used to increase activity, is easier than that for plant and animal proteases (Laxman et al. 2005) .
The required nutritional conditions, such as carbon and nitrogen sources, and also other physico-chemical properties differ from organism to organism (Puri et al. 2002; Pathak & Deshmukh 2012) . These nutritional and physico-chemical factors play a significant role in bacterial growth and enzyme synthesis. The synthesis of extracellular proteases is governed at least in part by the concentration of individual nutrients (North 1982) . The amount of extracellular proteases produced was shown to be substantially increased by medium optimization using the response surface methodology (RSM) (Puri et al. 2002) . The amount of protease production will vary widely from species to species. Because of the increasing demand for alkaline protease by various industries, there is a need to isolate hyper-productive strains from the environment.
The optimization of medium components by RSM is a powerful tool in the field of industrial biotechnology. Optimization of media components by classical methods involving changes in all the variables is timeconsuming and expensive when large numbers of variables are considered. To overcome this difficulty and to determine interactions among the variables studied, an experimental RSM was employed (Tari et al. 2006) . Many studies have used statistical experimental designs with RSM to optimize alkaline proteases mainly from Bacillus species (Puri et al. 2002; Tari et al. 2006; Reddy et al. 2008) . The metabolic processes of the microorganisms are influenced by changes in temperature, pH, substrates, inoculum concentration, etc. These environmental and nutritional conditions vary widely from species to species for each organism (Puri et al. 2002; Tari et al. 2006) . Therefore, we attempted to isolate potent protease-producing strains from detergent industry soil. In addition, we optimized the media components to maximize production of alkaline protease from Exiguobacterium profundum BK-P23 using RSM.
Material and methods
Isolation and screening of microorganisms for protease Soil samples were collected from the detergent industry in South Korea. Briefly, 1 g of soil sample was suspended in sterile water (100 mL) and serially diluted samples were spread on LB agar medium (g/L): 10 tryptone, 5 yeast extract, 10 NaCl, 18 agar, pH 7.5. The plates were incubated at 30
• C for 2 days. Morphologically different colonies were picked from the plate and the colonies were purified and further screened on skim milk agar medium (g/L): 1 yeast extract, 10 skim milk powder, 18 agar. The inoculated cultures were incubated at room temperature for 48 h. The clear zone formed around the bacterial colonies was measured. The organism that produced the largest zone was chosen for further study. The selected cultures were maintained on LB agar medium at 4
Identification of selected strain
The highly potent protease-producing bacterium was identified based on morphological and biochemical characterizations. A gram stain reaction was conducted using the Biomerieux system according to the manufacturer's instructions. The biochemical tests were conducted using the API 50CHB system according to the manufacturer's protocols (Biomerieux). The identification of the bacteria was further confirmed using the 16S rRNA gene sequencing method. Briefly, genomic DNA was extracted using a genomic purification kit (Promega, USA). The DNA was then amplified by PCR using the following universal 16S rRNA gene primers: 8-27F: 5'-AGAGTTTGATCCTGGCTCAG-3' and 1472R: 5'-TACGGYTACCTTGTTACGACTT-3'. PCR was conducted by subjecting a reaction mixture to initial denaturation at 94
• C for 5 min, followed by 35 cycles at 94
• C for 45 s, 55
• C for 1 min, 72
• C for 1 min and a final extension step at 72
• C for 10 min. The 16S rRNA gene sequence was then compared with sequences available in the GenBank nucleotide database using the BLAST tool at the NCBI (http://www.ncbi.nlm.nih.gov). The effects of pH and temperature on the growth of the isolate were evaluated at pH values ranging from 6 to 10 and temperatures ranging from 25 to 35
Optimization of protease production Erlenmeyer flasks (250 mL) containing 50 mL of the tryptic soy broth medium (g/L): 17 casein, 3.0 soybean meal, 2.5 glucose, 5.0 NaCl, 2.5 dipotassium phosphate, pH 7.5, was inoculated with a fresh culture. The inoculated flasks were incubated with constant shaking at 180 rpm. At 12 h intervals up to 72 h, the cultures were harvested and centrifuged at 10,000 rpm for 10 min at 4
• C and the protease activity in the clear supernatant was measured. The growth of the microorganism was determined by measuring absorption at 600 nm. All experiments were carried out in triplicate and average values were reported.
Various carbon and nitrogen sources were used to determine the best carbon and nitrogen sources for alkaline protease production. The carbon sources used were glucose, fructose, maltose, xylose, lactose, mannitol, starch and sucrose. The carbon sources were sterilized separately and were aseptically added to the sterilized medium. The various additional organic nitrogen sources used included corn steep solid, cotton seed flour, gelatin, peptone, skim milk, wheat flour, yeast extract, while inorganic nitrogen sources such as ammonium chloride, ammonium nitrate, ammonium sulphate, and sodium nitrate.
Protease assay
Protease activity was measured using the method described by Kembhavi et al. (1993) , with slight modifications. Briefly, a 500 µL aliquot of the culture supernatant (suitably diluted) was mixed with 500 µL of 100 mM Tris-HCl buffer (pH 8.0) containing 10 g/L casein. This reaction was incubated for 30 min at 37
• C and stopped by adding 500 µL of 20% trichloroacetic acid. The mixture was allowed to stand at room temperature for 15 min and then centrifuged at 12,000 rpm for 15 min to remove the precipitate. The activity of the filtrate was estimated spectrophotometrically at 280 nm. One unit of the protease activity was defined as the amount of enzyme required to liberate 1 µg of tyrosine within 1 min.
Selection of significant variables by Box-Behnken design
The Box-Behnken design was used to determine the optimum conditions for alkaline protease activity. RSM consists of a group of empirical techniques devoted to evaluate the relationships between a cluster of controlled experimental factors and the measured responses, according to one or more selected criteria. For the selection of significant variables for the production of an extracellular alkaline protease by E. profundum BK-P23, carbon source (lactose), additional nitrogen source (corn steep solid), pH, temperature (
• C) and incubation period were tested and identified via the Box-Behnken design experiment. A total of five parameters were selected and each variables was represented at three levels (-1, 0, +1). The variables were as follows: carbon source (lactose 0.5, 1.0, 1.5%) (X1), nitrogen source (corn steep solid 0.5, 1.0, 1.5%) (X2), pH (8.0, 9.0, 10.0) (X3), temperature (25, 30, 35 • C) (X4), and incubation periods (12, 24, 36 h) (X5). Different concentrations of the above nutrients were used (Design expert 7.0.1-State Ease, Inc., Statistical made Easy, Minneapolis, MN). The design experiments were carried out in Erlenmeyer flasks containing tryptic soy broth medium that had been inoculated with E. profundum BK-P23. This inoculated medium was incubated at 180 rpm under shaking conditions. After this incubation period, the amount of alkaline protease was calculated. All experiments were carried out in triplicate and average values were reported.
Experimental design and optimization by RSM
The optimization process involved three major steps: performing the statistically designed experiments, estimating the coefficients in a mathematical model, predicting the response and checking the adequacy of the model (Box & Behnken 1960; Cochran & Cox 1968) . The experimental results of RSM were fitted with a response surface regression procedure, using the following second-order polynomial equation:
The true relationship between Y and X k may be complicated and, in most cases, it is unknown; however, a second-degree quadratic polynomial can be used to represent the function in the range of interest. A second-order model is designed such that the variance of Y is constant for all points equidistant from the center of the design:
where Xi is the coded value, X0 is the actual value of the independent variable and ∆Xi is the step change value.
The following equation was used to code the actual experimental values of the factors in the range of (-1, 0, +1). In the system containing five significant independent variables X1, X2, X3, X4 and X5, the mathematical relationship of the response of these variables can be approximated by a quadratic (second degree) polynomial equation:
where Y is the predicted value, b0 is the constant, X1 is the carbon source (lactose), X2 is nitrogen source (corn steep solid), X3 is pH, X4 is temperature (
• C) and X5 is incubation periods (h), b1, b2, b3, b4 and b5 are linear coefficients, b12, b13, b14, b15, b23, b24 b25, b34, b35 and b45 are cross product coefficients and b11, b22, b33, b44, and b55 are quadratic coefficients. The low, middle and high levels of each variable were designated as -1, 0, and +1, respectively. A total of 46 treatments were needed to estimate the coefficients of the model using multiple linear regressions. The statistical significance of the model equation and the model terms was evaluated using the Fisher's test. The quality of fit of the second-order polynomial model equation was expressed by the coefficient of determination (R 2 ) and the adjusted R 2 . The fitted polynomial equation was then expressed in the form of three-dimensional surface plots, in order to illustrate the relationship between the responses and the experimental levels of each of the variables utilized in this study. The point optimization method was employed to optimize the level of each variable for maximum response. The combination of different optimized variables, which yielded the maximum response, was determined to verify the validity of the model. The minimum and maximum ranges of the variables were used, and the full experimental plan with regard to their values in actual and coded form is shown in Table 1 . Upon completion of the experiments, the average maximum protease yield was used as the dependent variables or response (Y ). The response values (Y ) in each trial were the average of duplicate measurements.
Results and discussion
Potential extracellular protease-producing strains were isolated from soil samples collected at the detergent industry in South Korea. A total of 100 isolated strains were screened for extracellular proteases in skim milk agar medium. Of the isolated strains, about 80% of the bacteria were able to produce clear zones, but one strain, BK-P23, produced the largest clear zone, indicating higher protease activity. The selected strain, BK-P23, was then identified based on morphological, physiological and biochemical characterizations. The characteristics of BK-P23 are presented in Table 2 . The results of this analysis showed that the strain was grampositive and rod shaped bacterium. A biochemical test was conducted using an API kit, and the BK-P23 strain was found to be very closely related to Exiguobacterium sp. This bacterium grew at pH values ranging from 8 to 10. However, the best growth was observed at pH 8.5 (Fig. 1a) and temperature of 30
• C (Fig. 1b) . The identity of the bacterium was further confirmed by 16S rRNA sequencing. Approximately, 1,388 bp sequence was obtained from BK-P23 and aligned with other 16S rRNA sequences available in the GenBank database. The phylogenetic analysis indicated that the sequences of strain BK-P23 was highly homologous (99%) with the sequence of Exiguobacterium profundum (NCBI accession No. JN644510) followed by Exiguobacterium arabatum (NCBI accession No. FM203124). The 16S rRNA sequence of strain BK-P23 was deposited in GenBank under the accession number GQ351367. Based on these results, BK-P23 was determined to be E. profundum. The identified strain, BK- 
P23, was used for further studies to optimize extracellular protease production. 
Preliminary optimization
In this study, various carbon and nitrogen sources were added to the culture medium and their effects on protease production were evaluated. The greatest increase in protease production was observed in response when the culture medium was supplemented with lactose as the carbon source, followed by fructose. Of the different nitrogen sources evaluated, protease production increased dramatically when yeast extract and corn steep solid were added to the media. Even though, the yeast extract and corn steep solid showed the high enzyme production, we selected the corn steep solid as the nitrogen source based on the low cost. Enzyme synthesis was significantly lower when inorganic nitrogen sources were used relative to organic nitrogen sources. These findings are in agreement with the results of other studies, in which other nitrogen sources improved protease production (Reddy et al. 2008) . Based on the preliminary optimization studies, five different factors, such as carbon source (lactose), nitrogen source (corn steep solid), pH, temperature and incubation periods were designed for RSM. In this analysis, the concentration of carbon and nitrogen sources was shown to be directly related to protease production. The experimental results were analyzed through RSM to obtain an empirical model for the best response. All of the above considerations indicate an excellent adequacy of the regression model. The estimated response seems to have a functional relationship only in a local region or near the central points of the model. The quadratic model was used to explain the mathematical relationship between the independent variable and dependent responses. The mathematical expression describing the relationship between the production of alkaline protease and variables like carbon source (lactose 0.5, 1.0, 1.5%) (X 1 ), nitrogen source (corn steep solid 0.5, 1.0, 1.5%) (X 2 ), pH (8.0, 9.0, 10.0) (X 3 ), temperature (25, 30, 35 • C) (X 4 ), and incubation periods (12, 24, 36 h) (X 5 ) is shown below as in terms of coded factors. The final empirical model for protease activity in terms of five factors in coded units was as follows:
The results of analysis of variance (ANOVA) are shown in Table 3 . The regression equation obtained from the ANOVA showed that the R 2 (multiple correlation coefficient) was 0.9994. This is an estimate of the fraction of overall variation in the data accounted by the model, and thus the model was able to explain 99.89% of the variation in response. The adjusted R 2 was 0.9994 and the predicted R 2 was 0.9977, which indicates that the model was good in predicting the production of alkaline protease activity.
Optimization by RSM Optimizing the culture conditions was desirable to improving enzyme yields. Many investigators have reported that alkaline protease can be produced from various microorganisms (Tari et al. 2006; Chu 2007; Gupta et al. 2012) . However, there is no report available on the optimization of alkaline protease by E. profundum. The enzyme production levels and the Box-Behnken design under the experimental conditions are presented in Table 1. The extracellular alkaline protease was obtained from E. profundum BK-P23 and the enzyme yield was shown to depend on the various culture conditions. There was no defined medium available for the protease production from different microbes and each microbe have different nutritional requirements for growth and enzyme synthesis. The alkaline protease production was optimized by RSM using middle range parameters, which is a powerful technique for testing multiple process variables. The various culture conditions, such as incubation periods, pH, temperature, carbon and nitrogen sources were studied for maximizing enzyme yield.
In the present study, the experiments were conducted in forty six trials. The design matrix and the corresponding results of the RSM experiments used to determine the effects of five independent variables along with the mean predicted values are shown in Table 1 . In the Fisher F-test (Table 3) analysis, a very low probability value (P model > F = 0.0001) was obtained, demonstrating a very high significance for the regression model. The goodness of fit of the model was checked by the determination coefficient (R 2 ). The ANOVA analysis of the optimization study indicated that the model terms, linear P X1 < 0.0001, P X2 < 0.0001, P X3 < 0.0001, P X4 < 0.0001, P X5 < 0.0001; quadratic P X1 2 < 0.0001, P X2 2 < 0.0001, P X3 2 < 0.0001, P X4 2 < 0.0001, P X5 2 < 0.0001 and 3 interactions P X2X3 < 0.0001, P X2X4 < 0.0001, P X2X5 < 0.0001 and P X4X5 < 0.0001 were significant (P < 0.05). Other interaction terms were neglected. The five linear, quadratic and three interaction effects of carbon source (lactose 0.5, 1.0, 1.5%) (X 1 ), nitrogen source (corn steep solid 0.5, 1.0, 1.5%) (X 2 ), pH (8.0, 9.0, 10.0) (X 3 ), temperature (25, 30, 35 • C) (X 4 ), and incubation periods (12, 24, 36 h) (X 5 ) were determined to be more significant.
The contour plot shows the maximum production of alkaline protease activity in respect to lactose versus corn steep solid. The maximum production of alkaline protease activity was 197.0 U/mL, when the lactose and corn steep solid concentrations were between 0.75-1.28% and 0.75-1.0%, respectively (Fig. 2) . Lactose was used to improve protease production by Bacillus licheniformis (Mabrouk et al. 1999) . However, other researchers reported that the protease activity of Bacillus sp. APP1 was reduced by about 50% when lactose was used as carbon source (Chu 2007) . Based on the analysis of the response data and treatment combinations, it was concluded that the interaction effect X 1 , X 2 (Prop > F = 0.0001) term was neglected. The linear term X 2 1 and quadratic term X 2 2 of lactose and corn steep solid were included in the model since these were significant terms based on P <0.05 (Table 3 ). The surface plot indicated that lactose and corn steep solid concentrations greater than 1% reduced the protease yield.
As shown in Figure 3 , the maximum production of alkaline protease was found to occur when the corn steep solid concentration range from 0.5 to 1.0 and the pH ranged from 8.5 to 9.5. Alkaline protease production was maximal (197.0 U/mL) at corn steep solid concentration of 0.75% and pH of 9.0. The corn steep solid is an industrial by-product of corn (Tari et al. 2006) . However, other microbes required different nitrogen sources like wheat flour, soybean meal and wheat bran (Uyar & Baysal 2004; Patel et al. 2005; Chu 2007 ). Furthermore, enzyme production and bacterial growth was minimized when the temperature was increased above the optimum level. A higher production of alka- line protease from many bacterial species has been reported to occur within the alkaline range of pH (Shikha et al. 2007 ). Three-dimensional plot representing the maximum production of alkaline protease with temperature (27.5-32.5
• C) and pH is shown in Figure 4 . Temperature and pH were the most important physiological factors for maximizing the protease production. The optimum temperature and pH for the production of alkaline protease was determined to be 30
• C and 9.0, respectively. A similar optimal pH was observed for the Bacillus species (Bhaskar et al. 2007 ). Figure 5 shows that the maximum production of alkaline protease occurred when the incubation period (h) was between 18.0 and 30.0 and the temperature ( • C) was between 27.5 and 32.5. Optimum enzyme activity was observed when the incubation time and temperature were 24 h and 30
• C, respectively. Some microbes produce high protease activity at temperatures ranging from 30 to 37
• C (Mabrouk et al. 1999; Puri et al. 2002) . A significant reduction in protease yield was observed when the temperature decreased from 30 to 25
• C. As shown in Figure 6 , high alkaline protease production was observed when the lactose concentration and incubation time ranged from 0.5 to 1.25% and 18.0 to 30.0 h, respectively. The maximal alkaline protease production (197.0 U/mL) was observed at a lactose concentration and incubation time of 1% and 24 h, respectively. Incubation time was one of the most important factors for the production of protease on an industrial scale. This result is in agreement with other studies (Joshi et al. 2007 ).
Conclusion
The results of the present study provide useful information for the optimization of culture conditions, such as carbon and nitrogen sources and physico-chemical properties, such as pH and temperature for the protease production by E. profundum. The present study clearly demonstrated that the nutritional conditions and physico-chemical properties significantly influence alkaline protease production from Exiguobacterium. The Exiguobacterium sp. was able to grow under alkaline conditions, because alkaline conditions are used in the detergent industry. The model employed in this study provided good predictions of the above variables in terms of effective protease production and a good correlation coefficient (0.9994) was obtained. Thus, optimization of culture conditions using the RSM will be useful for evaluating protease production by other Exiguobacterium species for industrial applications. Overall, protease production increased by a factor of 3-fold when corn steep solid, lactose concentrations and other physiological factors were optimized.
